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Energy-energy correlator (EEC) at e+e- collider 1 /11

» IRC safe, energy weighted cross section

+ Has been predicted and measured in ete- collider
+ Used to constrain as

Phys. Lett. B 276, 547-564
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-1 1s the sum over the energies of all particies in the event,
10 Ay 1s the angular bin width and N i1s the total number
: of events. The normalization ensures that the integral of
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https://www.sciencedirect.com/science/article/abs/pii/037026939291681X?via=ihub

EEC as jet substructure in the collinear limit 2 /11
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» Reduced sensitivity to the soft radiation (power suppressed by energy weighting)

» No need of grooming

» Raising the power of the energy weight can further suppress the soft component =
reduce contribution from underlying event (UE)



Why study this observable? 3 /11

» Perturbative calculation in QCD available virtuality ~ prRy
. Ry

» Scaling behavior of N-point correlator sensitive to as

T= 1/(PTR1%)
» Sensitive probe of initiating parton

(i.e. quark vs. gluon)

» Probing fixed scale with fixed R,

Clear separation of the perturbative
region (larger R.) and non-
perturbative region (smaller R\)
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https://arxiv.org/abs/2201.07800
https://arxiv.org/abs/2205.03414

Why study this observable in ALICE? 4 /11

» EEC measurement with ALICE data o0
» Good tracking performance: precision + | Charged-Hadron EEC
measurement | ‘
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+ Lower jEt pT range: Covering Free Hadron  Transition  Quarks/Gluons

perturbative + transition + a broad
non-perturbative (NP) region
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ALICE detector 5 /11
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Experimental results 6 /11
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Model comparison 7 /11
‘ Herwig 7 describes data slightly better than PYTHIA 8 ‘
‘ Data has broader width than Herwig 7 ‘
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Universal behavior of the transition region

virtuality ~ prRp

>

7= 1/(prRY)
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EEC distributions in
different jet pr bin
have similar shape

Transition peak
position ~2.4 GeV
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Comparison with pQCD 9 /11
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Comparison with pQCD 10 /11
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NLL calculations correspond to full (charged+neutral) jets and are normalized to data in
perturbative region (arXiv:2205.03414)



https://arxiv.org/abs/2205.03414

Summary and outlook 11 /11
» First fully-corrected EEC measurement E‘ij B e Sp—— -
at LHC Z o ~ pp Vs=5.02TeV -
-OX U Anti-k; ch-particle jets, R = 0.4 P
» Clear separation between hadronic, |8 | 20<P; " <40GeVic, I | <05 .
. - .. 2 6 P >1.0GeV/c -
partonic, and transition (hadronization) - e Data :
regions 5 —pQCD (NLL) -
- — AxR, .
» Heavy flavor jet, p-Pb and Pb-Pb JFree hadron -
analyses ongoing. Stay tuned! -scaling .
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https://wwuindico.uni-muenster.de/event/1409/contributions/2068/

Thanks! + Questions?



Probing QGP with energy correlators

Bonus slide /11
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» In the perturbative region:

Onset of
modification

sensitive to
medium size

+ Induced splitting when parton shower in

the medium =» enhancement at large angle

+ Energy loss of the hard splitting =»

suppression at large angle

» In the NP region: modified
hadronization?

PbPb data analysis ongoing!

Similar studies carried out in eA collisions at EIC

(see Kyle Devereaux’s talk)
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Probing flavor and mass effects

120/

100,

60+~

Normalized EEC

| = = Light Jet
Sof = = Charm Jet
| = = Beauty Jet

Gluon-initiated shower Quark-initiated shower

arXiV: 2210.09311

Two-Point Energy Correlator

AK5 Jets, |n| < 1.9
pr = 500-550 GeV

0005 0,010 0050 0.100 0.500
Ry,

S | |
+~
&
= =NLO
+~ 1.5f
5 <8 1 52>Beauty = = Pythia !
= ]
8 <g]. 52 > Light -
= 10 - =
S J
Z
=
]
& o5 ]
S| AKS5 Jets, [n| < 1.9 |
= . pr = 500-550 GeV |

0.0

0.001

0.005 0.010 0.050 0.100 0.500

Ry

-~
-~
-
'''''

Suppression of small angle
radiation due to dead-cone

~ Pythia8 (stand-alon

| anti-k; ch jets, R =04, 60 < p’”' <80 GeV

gl pf‘" > 0.0 GeV

% dNEEC
et dRL

Bonus slide /11

Heavy-quark-initiated shower
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for gluon jets
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factor



Using EEC to study QGP

Bonus slide /11
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https://arxiv.org/pdf/2303.03413.pdf

